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Through homozygosity mapping, whole-exome sequencing, and high-throughput cohort resequencing, we uncovered biallelic germline loss-of-function mutations in a hitherto unannotated human gene, that we named "TOUT-DE-TRAVERS (TDT)". TDT codes for a conserved metalloprotease that has never been characterized in any model system.
Using zebrafish, we established that tdt is zygotically and uniquely expressed in the dorsal forerunner cells (DFCs) that later form the ciliated laterality organ (Kupffer vesicle, KV). We further show that tdt's expression is under Foxj1a control, a known master regulator of the motile ciliogenic program.
CRISPR/Cas9-mediated knockout tdt-/-zebrafish display organ randomization along the entire L-R axis, including brain, heart and gut heterotaxy. This phenotype is due to Nodal signaling defects.
Altogether, our results firmly establish Tdt as a node-specific protein and as a frequently mutated gene in patients with laterality defects. It is the most common genetic cause of infant mortality, affecting approximately 1 in 10,000 live births. The disease primarily affects spinal motor neurons (MNs), which subsequently leads to muscle paralysis and death. While previous studies mostly focused on cell-autonomous mechanisms leading to MN death, noncell autonomous contributions by other neuronal and nonneuronal cell types are beginning to gain recognition. Our lab has shown that Schwann cells (SCs), peripheral glia cells ensheathing motor neurons, contribute to the disease in a non-cell autonomous manner. Using the calcium biosensor d3cpv, our lab demonstrated reduced calcium levels in Schwann cells under SMN knockdown conditions, which occur independent from motor neuron defects. Next, we showed that motor neuron defects induced by SMN knockdown can be partially rescued by expressing a SMN transgene specifically in SCs using a Sox10 promoter. This result is consistent with findings recently reported in a SMA mouse model. To elucidate the non-cell autonomous mechanisms in SCs leading to MN defects under SMN deficient conditions, we used FACS and RNA sequencing to investigate transcriptome changes in SCs. Our analysis using Partek and MATS based on the GRCz10 genome assembly identified a total of 450 differentially expressed genes and 63 differential splicing events. Currently, selected candidate genes are validated and functionally characterized. This will uncover novel molecular mechanisms mediated by diseased SCs on MNs in this common neurological disease. Although the human tail is completely absent at birth, the embryonic tail is formed in humans just as in other tailed amniotes. Since all morphological variations observed in adults are created from the variation of developmental processes, elucidation of the process and mechanism of tail reduction during human embryonic development would be necessary to clarify the human evolutionary process. In this study, we paid attention to the transition of the number of somites, vertebral primordia, during development. We used sagittal sectioned embryos from Carnegie Stage (CS) 13 to CS23. All samples we used were housed at the Congenital Anomaly Research Center in Kyoto University. Combining photomicroscopy of sectioned samples and three-dimensional reconstruction, we have clearly visualized and labeled all somites. Consequently, we found that the number of somites peaked at CS16, and dramatically decreased approximate five somites. This kind of event, tail reduction with a decrease of somites, is also observed in other short-tailed amniotes, and thus this result suggested the possibility that the common mechanism for morphogenesis of short tails works not only in humans but also in other amniote species broadly. Mab21l2 is a member of a gene family well conserved from invertebrates to vertebrates. In invertebrate model, mab-21 works downstream of BMP/TGF-β signaling pathway in sensory organ formation. Genetic ablation of Mab21l2 in mouse leads to severe eye malformation and embryonic lethality at mid-gestation stage. Although wild type MAB21L2 protein can bind to ssRNA, the function remains unknown. Five missense mutations in MAB21L2 were identified by exome sequencing from samples of human patients with bilateral eye malformations. These patients also have skeletal dysplasia and intellectual disability (Rainger et al., 2014; Deml et al., 2015) . The phenotype is most severe in patients with the dominant MAB21L2R51C/+ mutation. To evaluate the pathology of this mutant allele systematically, we adopt the CRISPR/Cas9 system to introduce this same mutation into the mouse genome. The Mab21l2R51C/+ mutant mice showed small eye phenotype and contractures in both elbow and knee joints. While the eye balls were absent in the mutant mice, optic nerves and two abnormal neuro epithelial structures expressing retinal specific markers, e.g., Pax 6, were found to be connected with hypothalamus. The abnormal tissue was likely to be the remnants of the retina during the eye formation. In addition, micro-CT also showed that the joint contracture was caused by joint fusion. The humerus was fused with radius in the elbow, while femur was fused with tibia. Limbs in the mutant animals were distinctly shorter than the wild type; and the deltoid tuberosity in humeri was also absent in these Mab21l2R51C/+ mutant mice. In summary, the phenotypes of our Mab21l2R51C/+ mutant mice generated by
